S-But-3-enyl octanethioate, 2
Octanoyl chloride (2 mL, 11.72 mmol) was added to a mixture of thioacetamide (1.02 equiv.) in dry benzene (117 mL) and placed under an atmosphere of argon and allowed to mix for 2d. The solvent was then removed by rotary evaporation and the crude residue was hydrolyzed over 2h with 10% wt. NaOH (50 mL). The basic solution was then acidified with 1M aq. HCl to obtain a solution with a pH = 2. The acidic solution was extracted with ethyl acetate (3 x 40 mL). The combined organic fractions were dried over Na 2 SO 4 , filtered and the solvent was removed in vacuo. 3 The crude thioacid was carried into the next reaction without further purification and was diluted in acetone (53 mL) followed by addition of K 2 CO 3 (1.47 g, 10.6 mmol), and 4-bromo-1-butene (1.08 mL, 10.6 mmol). 4 The reaction was allowed to mix under an atmosphere of argon for 1d and was then filtered through a medium frit. The filter cake was washed with more acetone and the solvent was removed by rotary evaporation. The crude thioester was purified by silica gel column chromatography (using 95:5 Hex/EtOAc as eluent) to provide 2 (1.29 g, 51% over two steps) as a yellow oil.
IR (thin film): 2927.7, 2856.7, 1692.8, 1465.3, 1123.5, 992.7, 916.7 cm -1 ; 1 H NMR (500 MHz, CDCl 3 ): δ 5. 81 (1H, tdd, J = 16.9, 10.2, 6.7, 6 .7 Hz), 5.13-5.05 (2H, m), 2.96 (2H, t, J = 7.3, 7.3 Hz), 2.56 (2H, t, J = 7.7, 7.6 Hz), 2.37-2.32 (2H, m), 1.71-1.64 (2H, m), 1.37-1.24 (8H, m), 0.90 (3H, t, J = 7.0, 7.0 Hz); 13 C NMR (100 MHz, CDCl 3 ): δ 199. 82, 136.38, 116.63, 44.37, 33.92, 31.83, 29.13, 29.11, 28.22, 25.91, 22.81, 14.29. (S)-tert-Butyl 3-hydroxypent-4-enoate, 10
10-1 10
NaH (60% in mineral oil, 0.660 g, 16.50 mmol) was added to a flame-dried 250 mL round bottom flask, which was then purged with argon and cooled to 0 °C. MeOH (33 mL) was added slowly and the solution was allowed to mix at ambient temperature for 0.5h. 10-1 5 (3.57 g, 16.66 mmol) in MeOH (50 mL) was cooled to 0 °C and the NaOMe/MeOH solution was transferred via cannula. After mixing at 0 °C for 3h the reaction was quenched by addition of AcOH (1.7 mL) followed by solvent removal by rotary evaporation. The residue was dissolved in sat. aq. NaHCO 3 and extracted with DCM (4 x 40 mL). The combined extracts were dried over Na 2 SO 4 . After solvent removal by rotary evaporation the residue was purified by silica gel column chromatography (using 4:1 Hex/EtOAc as eluent) to provide 10 (2.36 g, 82%) as a pale yellow oil.
[α] D -8.0 (c 1, CHCl 3 ); IR (thin film): 3435.6, 2980.4, 2933.1, 1731.3, 1368.7, 1157.3, 1040.1, 924 10 (0.50 g, 2.90 mmol), 4-1 (1.08g, 3.19 mmol), DMAP (1.42 g, 11.61 mmol) and CH 2 Cl 2 (58 mL) were added to a 100 mL round bottom flask and cooled to 0 °C. EDCI (1.22 g, 6.39 mmol) was added in one portion, mixed for 0.5h at 0 °C and then warmed to ambient temperature and mixed for an additional 15h. The reaction was diluted with CH 2 Cl 2 (50 mL) and washed with sat. aq. NH 4 Cl (1 x 30 mL) and 1M HCl (1 x 30 mL) and brine (1 x 30 mL). The organic layer was then dried over Na 2 SO 4 , filtered and the solvent was removed by rotary evaporation.
The residue was then dissolved in CH 2 Cl 2 (20 mL) and Et 2 NH (10 mL) and allowed to mix at ambient temperature for 3h. The solvent was then removed in vacuo and the residue was purified by silica gel column chromatography using 3:2 Hex/EtOAc as eluent to provide 4 (0.49 g, 62% over 2 steps) as a pale yellow oil.
[α] D +4. 80, 169.10, 135.20, 118.18, 81.37, 71.66, 60.07, 40.81, 32.11, 28.24, 19.65, 17.14 6 (8.24g , 43.3 mmol) and absolute EtOH (100 mL) were added to a 250 mL round bottom flask, purged with argon and cooled to 0 °C. Ethyl bromopyruvate (6.36 mL, 45.5 mmol, 90% wt.) was then added dropwise over 0.5h then the reaction was allowed to warm to ambient temperature. Upon consumption of 6 (TLC 1:1 Hex/EtOAc, 4.5h), NH 4 OH (3.2 mL, 28-30% wt.) was added and the reaction was allowed to mix an additional 8h. Approximately half the volume of solvent was distilled and the residue was cooled to ambient temperature. Additional NH 4 OH (120 mL, 28-30% wt.) was added and the reaction was mixed at ambient temperature for 5d during which a tan-colored solid (7) precipitated from solution. The solid was collected by filtration and dried overnight over P 2 O 5 . The remaining solution was extracted with CH 2 Cl 2 (3 x 40 mL). The combined extracts were dried over Na 2 SO 4 and the solvent was removed by rotary evaporation. The residue was purified by silica gel column chromatography using 5% MeOH in CH 2 Cl 2 as eluent to provide 7 as a tan solid (5.88 g, 53%). All physical data for 7 matched the published data. A flame-dried 250 mL round bottom flask was charged with 7 (1.72g, 6.68 mmol), diluted with DCM (130 mL) and cooled to 0 °C. NEt 3 (2 mL, 14.04 mmol) was added followed by dropwise addition of TFAA (0.98 mL, 7.02 mmol). The ice bath was removed and the reaction was allowed to mix at ambient temperature until 7 was consumed, approximately 1.5h. The solvent was removed by rotary evaporation and the residue was purified by silica gel column chromatography using 1: 
(R)-2-(2-((tert-Butoxycarbonylamino)methyl)thiazol-4-yl)-4-methyl-4,5-dihydrothiazole-4-carboxylic acid, 5
A 100 mL round bottom flask was charged with NaHCO 3 (1.12g, 13.29 mmol), MeOH (37.5 mL), and pH 6 phosphate buffer (25 mL). 10 (1.37g, 7.98 mmol) and 8 (1.59g, 6.64 mmol) were added sequentially. A reflux condenser was then fitted to the flask and the reaction was heated at 70 °C for 2d. MeOH was removed by rotary evaporation and the residue was treated with ice cold 1M HCl (70 mL) and brine (20 mL). The aqueous solution was extracted with EtOAc (4 x 50 mL) and the combined extracts were dried over Na 2 SO 4 . The solvents were removed by rotary evaporation and the crude acid was purified by silica gel column chromatography using 6% MeOH/1% AcOH in CH 2 Cl 2 as eluent to provide 5 (1.83g, 77%) as a white solid.
8
[α] D +4.1 (c 1, CHCl 3 ); IR (thin film): 3350.4, 2978.2, 1715.8, 1603.8, 1518.7, 1367.7, 1168.6, 756 71, 173.27, 162.51, 158.50, 150.77, 125.11, 81.13, 62.99, 43.30, 30.79, 28.84, 23.20 A flame-dried 25 mL round bottom flask was charged with 4 (0.300 g, 1.11 mmol), 5 (0.274 g, 0.767 mmol), pentafluorophenol (0.169 g, 0.920 mmol) and THF (7.7 mL). The solution was cooled to 0 °C and DCC (1.90 g, 0.920 mmol) was added in one portion. The cold bath was removed and the reaction was allowed to mix at ambient temperature for 36 h. The reaction was then filtered through a medium frit and the cake was washed with dry cold THF. The solvent was removed in vacuo and the residue was purified by silica gel column chromatography using 3:2 Hex/EtOAc as eluent to provide 11 (0.236 g, 51%) as a pale yellow oil. 
50% (two steps)
A 100 mL round bottom flask was charged with 11 (118.6 mg, 0.194 mmol), diluted with CH 2 Cl 2 (4 mL) and cooled to 0 °C. TFA (4 mL) was added slowly and the flask was capped with a teflon septum and allowed to warm to ambient temperature. Upon consumption of the starting material (approximately 1h), the solvents were removed by rotary evaporation. The excess TFA was removed by rotary evaporation in the presence of benzene (3 x 20 mL).
The crude deprotected material was diluted in MeCN (38.7 mL, 5 mM) and DMAP (950 mg, 0.774 mmol) and PyAOP (202 mg, 0.387 mmol) were added. The flask was purged with argon and the reaction was allowed to mix at ambient temperature for 5d. The solvent was removed by rotary evaporation and the residue was taken up in EtOAc (50 mL) and washed with sat. aq. NH 4 Cl (3 x 15 mL), water (15 mL) and brine (15 mL). The organic layer was then dried over Na 2 SO 4 , filtered, the solvents was removed in vacuo and the residue purified by silica gel column chromatography using 5% i-PrOH in CH 2 Cl 2 as eluent to provide 3 (42.2 mg, 50%) as a white solid. 65, 169.53, 169.04, 168.16, 165.07, 147.49, 134.89, 124.65, 118.17, 84.42, 72.54, 57.88, 43.50, 41.27, 40.34, 34.39, 24.31, 19.07, 16.81 
34% 63% BRSM
To a flame-dried 5-mL round bottom flask was added 3 (15.1mg, 0.035 mmol), Grubb's secondgeneration catalyst (5.87 mg, 6.92 μmol), dry toluene (0.35 mL), and 2 (0.030g, 0.138 mmol). The solution was freeze-pump-thawed three times and then heated at 60 °C for 24 h. The toluene was removed by rotary evaporation and the residue was purified by silica gel column chromatography using 3% i-PrOH in CH 2 Cl 2 as eluent to provide 1 (7.5mg 34%, 63% based on recovered starting material). .9, 6.9 Hz), 5.65 (1H, ddd, J = 9.7, 7.5, 1.8 Hz), 5.50 (1H, dd, J = 15.5, 6.9 Hz), 5.29 (1H, dd, J = 17.6, 9.3 Hz), 4.60 (1H, dd, J = 9.4, 3.3 Hz), 4.27 (1H, dd, J = 17.5, 2.2 Hz), 4.04 (1H, d, J = 11.3 Hz), 3.27 (1H, d, J = 11.3 Hz), 2.89 (2H, dd, J = 7.2, 7.2 Hz), 2.84 (1H, dd, J = 16.6, 10.7 Hz), 2.68 (1H, dd, J = 16.3, 2.5 Hz), 2.53 (2H, dd, J = 7.6, 7.6 Hz), 2.30 (2H, dd, J = 14.4, 7.2 Hz), 2.14-2.06 (1H, m), 1.87 (3H, s), 1.67-1.59 (2H, m), 1.36-1.19 (8H, m), 0.87 (3H, dd, J = 6.8, 6.8 Hz), 0.68 (3H, d, J = 6.9 Hz), 0.50 (3H, d, J = 6.9 Hz); 13 C NMR (CDCl 3 , 100 MHz):
9 Tian, H; Jiao, X.; Xie, P.; Liang, X. Tetrahedron Lett. 2005, 46, 8579-8581. δ 199.65, 173.75, 169.62, 169.10, 168.14, 164.81, 147.63, 132.96, 128.54, 124.48, 84.57, 72.28, 57.87, 4 4.33, 43.52, 41.29, 40.61, 34.41, 32.45, 31.81, 29.24, 29.11, 28.09, 25.83, 24.37, 22.79, 19.08, 16.77, 14. 27 δ 199.82, 174.72, 172.37, 172.04, 168.22, 163.23, 148.72, 133.00, 130.04, 122.23, 85.40, 69.39, 57.26, 5 2.43, 44.39, 43.03, 41.81, 41.08, 32.44, 31.84, 31.36, 29.14, 28.36, 25.91, 24.94, 22.82, 19.28, 18.02 
Cell culture conditions
Invasive breast cancer cells MDA-MB231 were cultured in Dulbecco's Modified Eagle's Medium (DMEM), supplemented with penicillin-streptomycin, L-glutamine, and 10% FBS. Human mammary epithelial cells (HMEs) were grown in Mammary Epithelial Growth Medium (MEGM) supplemented with insulin, epidermal growth factor, bovine pituitary extract, gentamycin, and hydrocortisone. Both cell lines were maintained in a humidified atmosphere of 5% CO 2 at 37°C.
Cell viability assay
10,000 MDA-MB231 cells and 7,000 HME cells were plated in flat-bottomed 96-well microplates. Background control wells lacking the cells but containing the same volume of media were included in each assay plate. 24 hours after seeding, new media was added which contained increasing concentrations of test compounds (10 to 600 nM) or vehicle control (DMSO). Cell viability was determined 48 hours later using Crystal Violet dye (Sigma-Aldrich), which was solubilized in ethanol, and absorbance was measured at a wavelength of 588 nm using a Tecan Safire II plate reader. Experiments were performed in replicates of six, and concentration-response curves were generated by nonlinear least square regression analysis of the data using GraphPad Prism (San Diego, CA). The growth inhibition (GI 50 ) for each compound was defined as a concentration of drug leading to a 50% reduction in A 588 compared with controls.
